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Summary 
Nondestructive l11easurement of Brix value in }apanese pear (‘Kousui' and‘Housui') in the 
various developing stag日swas conducted by near-infrared (NIR) spectroscopy. Brix values of 
the 'Kousui' w巴rel11easured at six wavelengths of 1508， 1668， 1932， 2132， 2212 and 2400nl11. At 
these wavelengths， the calibration εquation obtained by the multiple linear regression indicated 
that the multiple linear correlation coefficient (R) was 0.96， standard error of calibration (SEC) 
0.50， and bias corrected standard巴rrorof prediction (SEP) 0.49. This equation fittεd accurately 
for thεBrix value of the‘Housui' as well. The accuracy of calibration was considerably different 
depending on the year of harv巴st:the values of SEP and bias for the fruits harvest巴din a giv日n
year were smaller than those for the fruits done in 1991 and 1992. However， the accuracy of 
equation was improved to fit by adapting a bias correction or by combining data of the two years. 
The calibration accuracy was also affected by the temperature; the bias obtained at 25， 28 and 
31 oC were considerably larger than at constant temperature. 
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Room temperature for 24 hours 
Measurement of NIR spectra 
for intact pears 
No Samol巴s n Date 
Table 1 Number of samples and the date of 
harvest 
1 ‘Kousui'l991 112 X6' ~， 12， 17， 26，汽， 15， 20
2 ‘Housui'1991 98 :;{o，汽， 8， 15， 20， 29， %，1 
3 'Kousui'1992 96 ~ふ， 30， ){"'20，27 
n : Number of samples tested 
Measurement of sugar contents 
Fig. 1 Procedure of sample preparation for 












ラスを被せて測定した. ~凶ng 伽 performanCe of伽叫b凶叩何回tlOn
Samples 
Calibration set Prediction set 
Constituent value 





















wavelength between output point : 4. Onm 
(波長の出力関隅)
wavelength in moving average : 24. Onm 
(微分セグメントの波長問踊)
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Fig.4に， Fig.3に示した原スベクトルの Fig. 3 Original NIR spectra for typical pears 
2次微分スペクト/レを示した.原スペクトル having high， rnediurn and low Brix value. 
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Fig.4 '1、he2nd derivative spectra for typical pears having 
high， medium and low Brix value 











Table 2 Statistic values of calibration sample 
set and prediction sample s巴tof‘Kousui' 
harvested in '91 
n 
range mean S. D. 
CBx) ('Bx) ('Bx) 
Calibration set 92 6.8~ 13.2 9.81 1.80 
Prediction sεt 55 6.9~ 12.6 9.83 1.65 
日ー Numberof samples 
S.D・ Standarddeviation 
1~7 波長までの重回帰式を見ると，選択された波長数が増えるほど，童相関係数 (R) は
大きくなり，また検量線作成時の標準誤差 (SEC)は減少した.しかし検量線評価時の標準誤
(SEP) を見ると 6波長の検量線が最も小さくなり， 7披長ではこれより大きくなった.つ
まり 7波長の検量線は，検量線作成用試料のみに適合し，それ以外の未知試料には適合せず，
オーノてーブイツテイングとなったことを示した.よって， 1508nm， 1668nm， 1932nm， 2132 
nm， 2212nm， 2400nmの6波長の重回帰式を糖度測定用の検量線として採用した.以下に検量
Table 3 Multiple linear regression analysis of second derivative reflectance 
measurements for Brix in intact ]apanese pear‘Kousui' harvested in 
1991. 
Wavelength (nm) 
λl λ2 λ3 λ4 λ5 λ6 λ7 R SEC SEP Bias 
1744 0.818 1.05 0.91 0.13 
1656 1744 0.882 。.86 0.66 0.03 
1664 1744 2128 0.913 。司75 。町63 0.03 
1664 1744 2132 2392 0.923 。71 0.58 0.03 
1508 1668 1932 2132 2212 0.958 0.53 0.51 。。
1508 1668 1932 2132 2212 2400 0.963 0.50 0.49 -0.01 
1508 1668 1932 2132 2212 2344 2400 0.965 0.49 0.52 -0.01 
R Multiple corr巴lationcoefficient 
SEC Standard error of calibration 
SEP: Bias.correct巴dstandard error of prediction 
小島・井上・田中:近赤外分光法による生育肥大中及び成熟ナシ果実の糖度測定 5 
Brix(%)ニ 14.52-1304.43L(2132) 419.06L (2212) 
218.27 L (2400) + 196.62 L (1932) + 1418.45 L (1668) 
十1892.39L (1508) 
ここで， L (λ) =d2Iog( l/RJとする.
この時， Rは0.963，SECは0.50，SEPは0.49，予測値と実測値の差の平均 (Bias)は-0.
01となった
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Fig. 5-a The 2nd derivative spectra of fructose 
model solutions having 3 different concen-
trations and water. 
























Fig. 5-b The 2nd derivative spectra of thε3 
diffεrent concentration of fructose 801u 
tions， water and intact pears having 











7 9 11 13 15 
Actual Brix 
Fig. 6 Plot of actual and computed Brix 
using th巴pr巴dictionset 
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Table 4 Statistic values of calibration and prediction sample sets 
Calibration set Prediction set 
Varieties n range* meanホ S.D.* 
'Kousui' 92 6.8~13.2 9.81 1.80 
‘Kousui' 81 8.1~14.4 11.02 1.62 
Combineda1 173 6.8~ 14.4 10.38 1.82 
a) Combined sample set of ‘Kousui' harv巴stedin '91 
n: Number of samples 
S. D.: Standard deviation 
本 OBrix
n range* meanホ
55 6.9~12.6 9.83 
51 8.5~13.9 10.92 





Table 5 Multiple linear regression analysis of second derivative reflectance mea-
surements for calibration set in intact ]apanese pears‘Kousui'，‘Housui' and 
combined samples harvested in 1991 
Wavelength (nm) 
Varieties λ1 λ2 λ3 λ4 λ5 λ6 
Kousui 1508 1668 1932 2132 2212 2400 
Housui 1396 1508 1752 1804 1880 2140 
Combined 1500 1668 1756 1ヲ28 2140 
R Multiple corr日lationcoefficient 
SEC: Standard error of calibration 
SEP Bias-corrected standard error of prediction 
3. 3 糟度の測定精度に影響を及ぼす種々の
要国とその補正法
R SEC SEP Bias 
0.96 0.50 0.49 -0.01 
0.90 0.75 0.85 -0.03 



















Table 6 Eff巴ctof sample variety on accuracy of 
prediction with the calibration equation 
shown in tablε5 
Prediction set 
Calibration 'Kousui' 'Housui' 
日quation SEP Bias SEP Bias 
'Kousui' 0.49 -0.01 0.81 0.04 
‘Housui' 0.76 。司53 0.85 0.03 
Combined 0.58 -0.03 0.83 -0.12 
小島・井上・田中:近赤外分光法による生育肥大中及び成熟ナシ果実の糖度澱定 7 
及び豊水の糖度測定を行った.その結果を Tab.6に 15 
示した.幸水の糖度測定においては，幸水>合同試
料>豊水の検量線の願に測定精度が高くなり，検量 13 1-
線の測定精度に品種間の有意差が確認された.豊水 占対 11 叩 〆:
の糖度部定においては，全般的に幸水よりも低い精
陣.
Z 39 度で，さき水>合同試料>豊水の検量線のI1簡に測定精 V、
度が高くなったが，各測定結果に有意差は認められ
なかった.つまり，幸水及び豊水の 2品種の糖度測 7r / SEP""O.81 
定については，幸水の検量線により対応可能である Bias=-O.04 
ことが示唆された.Fig. 7 Vこさ宗水の検量鰻による豊 5 
5 9 11 13 15 
水の糖度測定結果を示した. Actual Brix 
3. 3. 1 栽培年度の影響
'91年度産露地栽培幸水(以下， '91年度産幸水)と
'92年度産露地栽培幸水(以下， '92年度産吉宗水)を用
Fig. 7 Plot of actual and computed Brix 
with calibration equation of 









Table 7 Statistic Values of calibration and prediction sample set. 
Calibration set Prediction set 
Harvested year n range* 訂lean* S.D.キ n range* 立leanホ S.D.場
'91") 92 6.8.13.2 9.81 1.80 55 6.9.12.6 9.83 1.65 
'92b) 77 7.4.12.6 10.36 1.37 66 7.7.12.3 10.36 1.17 
CombinedC) 169 6.8.13.2 10.06 1.64 121 6.9.12.6 10.14 1.44 
a)‘Kousui' harvested in '91， b) 'Kousui harvested in '92， c) Combined sample set of 
‘Kousui' harvested in '91 and '92. S. D.: Standard deviation 
n: N umber of samples 
捗 OBrix
Table 8 Multiple linear regression analysis of second derivative reflectance measur巴ments
for巴achcalibration set in intact Japanese pears笈ousuγharvestedin 1991， 1992 and 
combined. 
Harvested Wav巴length (nm) 
year λl λ2 λ3 λ4 λ5 λ6 λ7 R SEC SEP Bias 
'91 1508 1668 1932 2132 2212 2400 0.96 0.50 0.49 -0.01 
'92 1204 1292 1616 1688 1764 2212 0.95 0.46 0.46 0.09 
Combined 1200 1280 1604 1664 1708 1776 1888 0.94 0.64 0.71 0.08 
R Multiple correlation coefficient 
SEC: Standard error of calibration 
SEP Bias.corrected standard error of prediction 








Table 9 Effect of harvest year on accuracy of 
prモdictionwith the calibration equation 






SEP Bias SEP Bias 
0.49 -0.01 0.72 
0.96 0.18 0.46 
3.44 
0.09 
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Fig. 8 Effect of harvest year on predition. (a) Samples harvested in '92 were 
predict巴dby thεequaion of '91. (b) Sample harvested in '91 were predict-
ed by the equation of '92. 
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Fig. 9 Plot of actual and computed Brix. 
Samples harvested in '91 and '92 
were pr巴dictedby the equation of 







/ 9 SEP=O.50 Bias=1.3 7 
1/ Bias=-1.50 1 
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Fig. 10 Effect of sample temperature on prediction 
(A) Calibration equation: 28 Prediction set: 25'C 








採取は，幼果から成熟果までを集めるために 6 月~8 月にわたって定期的に行った.
1) 1991年度産幸水の糖度測定検葉線は， 1508， 1668， 1932， 2132， 2212，及び2400nmの6波
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